Abstract: Pinus contorta (lodgepole pine) is invasive in many southern hemisphere countries, having spread extensively from original plantings. It is widely controlled to limit its spread and negative impacts, and is generally assumed to have little value for native plant biodiversity. We surveyed vegetation in two stands of montane wilding P. contorta forest, and recorded a subcanopy of more than 50 native plant species from 35 genera, including trees, shrubs, ferns, and orchids. Canopy openness ranged between 5 and 20% and was positively related to native plant species richness at both sites. Native plant species richness was negatively related to P. contorta stem density at one site but not the other, where richness was positively related to soil available phosphorus concentrations. A diverse native subcanopy in wilding P. contorta forest may represent an important seed source for further native regeneration in invaded areas. Pinus contorta control methods that minimise disturbance to the native subcanopy may be prudent if a return to native vegetation is a long-term management goal.
Introduction
Invasive trees are recognised as a major problem worldwide (Richardson et al. 2014) . In New Zealand, freely regenerating non-native conifers are referred to as wildings (Ledgard 2003) , and collectively it is estimated that they have encroached upon 1.3 million ha (Clifford et al. 2013) . Of the ten species that currently cause almost all wilding conifer problems in New Zealand (Froude 2011) , P. contorta is the most widespread and has been estimated to comprise as much as two-thirds of the total wilding area (Ledgard 2001) . Pinus contorta predominantly invades human-induced, seral grasslands and shrublands (Ledgard 2003; Dehlin et al. 2008) . It is considered an environmental weed (sensu Falk-Petersen et al. 2006) because as stands of P. contorta coalesce, native grass, herb and shrub species present at establishment are displaced (Ledgard & Paul 2008) .
In New Zealand, it is widely assumed that dense P. contorta stands have little or no value for native plant biodiversity, but, to our knowledge, this has not been investigated. Studies from North America demonstrate that shade-tolerant species can establish in (native) P. contorta forest in the absence of disturbance (Sullivan et al. 2000) , with canopy-forming species eventually replacing much of the P. contorta if conditions remain suitable (Habeck 1968; Kobe & Coates 1997) . Additionally, P. contorta establishment within closed canopy P. contorta is rare (Johnson et al. 1994) , as seedlings require at least 40% full sunlight to grow (Lotan & Perry 1983) , and saplings do not persist below 25% full sunlight (Claveau et al. 2002) . This suggests that in New Zealand, where native seed sources are available, there is potential for native plant species to persist in or colonise the understorey of P. contorta forests, thus representing native biodiversity values. In this study, we set out to describe vegetation beneath P. contorta prior to a manipulative experiment investigating native plant responses to P. contorta control.
Methods
This study was established in April 2011, in two large stands ('Black Birch' and 'Don Juan') of wilding P. contorta in the Kaweka Forest Park, North Island, New Zealand. The Black Birch site (39.30º S, 176.44º E) was located between 1040 and 1080 m a.s.l. on the Black Birch ridge, to the north of Trig A8A8. The Don Juan site (39.34º S, 176.47º E) was located between 880 and 940 m a.s.l., to the north of Trig A3R0. Pinus contorta began to spread at these sites in the 1960s following establishment trials designed to reduce soil erosion (Cunningham & Roberts 1970) . Remaining native montane (sensu Wardle 1991) forests in this area are dominated by mountain beech (Fuscospora cliffortioides) and red beech (F. fusca) with occasional podocarp species, including mountain tōtara (Podocarpus cunninghamii), and mountain toatoa (Phyllocladus alpinus). Extensive tracts (>5 ha) of native forest occur within 400 m of both sites, and smaller patches (<1 ha) of native trees and shrubs are scattered throughout. The pattern of distribution of these species reflects the highly modified nature of the area after several hundred years of sporadic burning (Rogers 1994) and attempted conversion to grazing (Elder 1941) .
Twelve locations were established in 7-14 m-high P. contorta forest at both sites. At each location, a patch of trees 30 m in diameter was marked out, giving a total of 24 patches. Each patch was a minimum of 20 m from any forest edge or tree fall gap, and a minimum of 20 m from any other patch. Four 2 × 2 m plots were established in each patch, 2 m from the patch centre on north, east, south and west bearings, giving a total of 96 plots. In the 2 × 2 m plots, vegetation was assessed according to the Recce method (Hurst & Allen 2007) . Species were assessed individually, and each plot was also scored for overall native vegetation cover. Seedlings were generally only included if they were beyond the cotyledon stage. However, P. contorta seedlings at the cotyledon stage were included, because they were easily identifiable and their presence, even if ephemeral, was germane to our study. For each plot the number of native species (native richness) was calculated.
Canopy openness was used as an index of light availability. To measure this we took photographs of the forest canopy from approximately 1 m above the middle of each plot using a digital SLR camera (Canon EOS 50D, Canon Inc.) and 4.5 mm hemispherical (fisheye) lens (Sigma EX DC, Sigma Corporation of America, New York, USA). Photographs were then digitally analysed using the HemiView image processing software (HemiView Forest Canopy Analysis System v8, Delta-T Devices, Cambridge, UK).
All P. contorta stems within a 5-m radius of the patch centre were counted (stem density) and their dbh (diameter at breast height of 1.3 m) was measured. Within the 5-m radius, 10 soil samples were taken in a 'Z' pattern. Surface litter was excluded and samples were taken from the top 10 cm of soil using a 2.5 cm diameter soil corer. Patch samples were pooled and analysed by R.J. Hill Laboratories Limited for the organic carbon, total nitrogen, carbon to nitrogen ratio (C:N) and available phosphorus (Olsen P) concentrations using standard tests. We compared soil characteristics of the two sites using Welch two sample t-tests in statistical software package 'R' (version 2.15.3) (R Core Team 2013).
We used the package 'lme4' (Bates et al. 2012) in 'R' for analyses. We used mixed effects models with Poisson error structures to model the response of native species richness to factors we considered most likely to be important. Plot and patch were included as nested random effects to account for spatial clustering. Other covariates assessed for inclusion in the model were dbh, canopy openness, stems per ha, C:N ratio and Olsen P. Akaike's Information Criterion (AICc) was used to rank models (package 'AICmodavg') (Mazerolle 2013) within each site, with the lowest AICc ranked first. We calculated the evidence ratio between first and second ranked models, the marginal and conditional R 2 (Nakagawa & Schielzeth 2013) and weight of the highest ranked model, and the ranking of the null model including only the random effects.
Results
A total of 49 species, from 35 native plant genera, was recorded (Table 1) . More than half (55%) of the native species were woody trees or shrubs, 20% were ground ferns, and the remaining 25% were herbs, orchids, grasses, and vines. Native plants were predominantly found in lower tiers, but 12 plots contained some native cover greater than 2 m tall (Table 1) . Griselinia littoralis and Gaultheria antipoda were common at both sites but some species common at Black Birch were rare or absent at Don Juan (e.g. Coprosma dumosa, Phyllocladus alpinus) and vice versa (e.g. C. grandifolia). Beech species were found in six plots, but all were less than 1 m tall.
Pinus contorta was the dominant component of the vegetation, but saplings and seedlings of P. contorta were scarce, with only four seedlings recorded, all of which were at the cotyledon stage (Fig. 1) . Pinus contorta stem density ranged from 2299 to 15 915 live stems per ha and average dbh ranged from 11.5 to 32.9 cm per patch. Counting annual rings on a subset of these trees that were later felled suggested typical ages of between 30 and 40 years. Canopy openness was variable, and ranged from 5.0 to 20% (Fig. 2) . The most open sites were those with small mean diameter P. contorta (Fig. 2) . The soils beneath the two sites varied significantly: soils from Don Juan had much greater available phosphorus, but contained less organic carbon and total nitrogen than those at Black Birch ( Table 2 ).
The density of P. contorta stems, extent of canopy openness, and their interaction were important predictors of native species richness at Black Birch, with the greatest richness found under relatively widely-spaced trees with open canopies (Table 3 ). The best model (stems per ha, canopy openness and their interaction) had a marginal R 2 of 0.52, conditional R 2 of 0.54 and was 96 times more likely than the second-ranked model to be the best model in the candidate set (Table 2) . At Don Juan, the greatest native species richness was associated with high levels of Olsen P under open canopies. The best model (canopy openness and Olsen P) had a marginal R 2 of 
Discussion
We found a diverse assemblage of native species beneath the P. contorta canopy, including orchids, ferns, shrubs and trees. Some differences in the species present at each site could be due to differences in altitude, e.g. Coprosma grandifolia was detected at the lower altitude site only. Given that this is a point-in-time study, we cannot determine whether commonly occurring native plant species have persisted through or colonised during P. contorta establishment, but it seems likely that both scenarios have occurred. Leptospermum scoparium above 2 m have probably persisted since P. contorta establishment, numerous dead L. scoparium stems suggests that in some plots this species was formerly more abundant. Conversely, the presence of seedlings and small saplings (< 2 m tall) of Fuscospora fusca, Griselinia littoralis and Phyllocladus alpinus strongly suggest that they are much younger than the P. contorta canopy and that there is at least some potential for native species to colonise wilding P. contorta forests in New Zealand.
Despite abundant seed, P. contorta seedlings and saplings were almost completely absent in this study. This is consistent with previous findings that P. contorta is unable to regenerate beneath a closed canopy (Johnson et al. 1994 ). As we observed several cotyledon stage seedlings, it appears that seeds can germinate under a closed canopy, but seedlings fail to establish.
Our results demonstrate a positive correlation between P. contorta canopy openness and native species richness at both sites. However, it is difficult to establish whether this is the result of increasing canopy openness as stands age, incomplete canopy closure, or both. Canopy closure of P. contorta in Wyoming, U.S.A., typically peaks at 40 to 45 years; canopies then slowly become more open over the next 80 years (Long & Smith 1992) . As P. contorta stands age, they tend to become more structurally complex, with greater variability of canopy cover (Sampson & Smith 1993) . Several studies of the understory in P. radiata plantation forests in New Zealand have demonstrated a positive correlation between native plant species richness and stand age (Allen et al. 1995; Ogden et al. 1997; Brockerhoff et al. 2003) , and it has been suggested that this can be partly attributed to a more favourable light environment in older stands (Brockerhoff et al. 2008 ). In our study, native species richness was highest under widely-spaced trees with open canopies at the Black Birch site. However, at Don Juan the highest levels of canopy openness were associated with small diameter P. contorta, which suggests incomplete canopy closure. The trees in our study are still relatively young; P. contorta can live for at least 350 years (Smithwick et al. 2005) . It is unclear if the canopy of wilding P. contorta stands in New Zealand will become more open as stands age beyond 40 years, but this seems likely.
The reasons behind the much higher available phosphorus concentrations in soils at Don Juan remain unclear, but it is an important predictor of native plant diversity at this site. High levels of available phosphorus may have resulted from physical processes or biotic processes related to the encroachment of P. contorta (Dickie et al. 2014) or both.
Pinus contorta is one of the most light-demanding conifers (Coates 2000) . It is generally regarded as a pioneer species (Long & Smith 1990 ) and can be gradually replaced by more shade tolerant forest species in its native range (Habeck 1968 ). Our results demonstrate that native species can survive in P. contorta forest in New Zealand, but it is unclear whether they could eventually replace the P. contorta. Beech seedlings can survive deep shading (Wardle 1970) and are certainly more shade tolerant than P. contorta. Planted beech seedlings can survive beneath P. contorta canopy (Dehlin et al. 2008 ) and beech saplings up to 3 m tall have been observed in 60-yearold P. contorta stands (Ledgard & Paul 2008) . However, the presence and possibly greater shade tolerance of some native species is no guarantee that they will eventually dominate; under certain conditions, establishment of other species under P. contorta canopies may be insignificant until after 200 years (Johnson et al. 1994) or not occur at all (Despain 1983) . It may be possible to facilitate establishment of beech and other native species in P. contorta stands, for example by sowing seed, or controlling P. contorta in a way that promotes native seedling establishment but inhibits P. contorta establishment. Future research will address these possibilities.
